Where subarachnoid haemorrhage in pregnancy is caused by rupture of an intracranial aneurysm, surgery is considered to be the treatment of choice, offering the best results for both mother and foetus. 1. 2, 3 CASE REPORT A 23-year-old, 65-kilogram primipara of 16 weeks' gestation presented with a generalised headache of sudden onset, vomiting and photophobia. Investigations revealed two aneurysms -one basilar, the other on the left middle cerebral artery. Epsilon amino caproic acid was given over the three days preceding surgery. With no evidence of cerebrovascular spasm and preoperative blood pressure in the range of 100/40 to 130/70 mmHg, planned clipping of both aneurysms was undertaken on the eleventh day after admission. At operation, a third aneurysm was found, small and thinwalled, anslllg from the left carotid bifurcation. All three aneurysms were clipped.
Arterial blood pressure (BP) via a radial artery cannula, end-tidal carbon dioxide, arterial gas analysis (AGA) and body temperature were monitored. Blood sugar levels were not measured but dextrose 5OJo was infused slowly throughout to avoid foetal hypoglycaemia (900 ml over 10 hours). The foetal heart was not monitored because it would not have altered clinical management.
Pulse pressures were unusually wide with diastolic readings as low as 20 mmHg. Consequently, it was decided to monitor systolic arterial pressure during induced hypotension with a chosen lower limit of 70 mmHg.
Sodium nitroprusside (SNP) was introduced only after establishing the patient on halothane 1 % and increasing oxygen to 40%. The latter was further increased to 67% once systolic BP fell below 90 mmHg. The first period of hypotension was easily achieved with an SNP infusion rate of less than I Ilg/kg/min ( Figure 1 ) and the pulse rate averaging 70/min. Ninety minutes later, during the second episode of hypotension (basilar aneurysm), the response was quite different: in spite of freshly prepared SNP, the maximum recommended infusion rate proved inadequate. The pulse rate had risen to the range S5-90/min. Halothane concentration was then increased to 2070 allowing the SNP rate to be reduced. Systolic BP was maintained at or above 70 mmHg apart from a brief period at 60 mmHg during the basilar artery dissection.
Total SNP dosage was 25mg. P a o 2 , PaC02 and base excess remained satisfactory throughout. Body temperature dropped from 36.6 to 35°C.
The patient awoke without neurological deficit and progressed uneventfully apart from a recurrence of morning sickness which restricted food intake for five days. Vitamin BI2 (cyanocobalamin 100 Ilg daily) was commenced one day preoperatively and continued for five days postoperatively to correct any nutritional deficiency. A total of 52 mg of dexamethasone was given over five days and phenytoin was continued for three months.
At thirty-nine weeks' gestation, with the assistance of forceps and epidural anaesthesia, the patient was delivered of a healthy 3.34 kg son with a one-minute Apgar rating of nine.
Two years later the patient is well. The child's milestones are above average with crawling at seven months, walking at nine months, complete toilet training by nineteen months and talking in simple sentences at twenty-one months. Percentiles are satisfactory at two years.
DISCUSSION
While there are many considerations relating to anaesthesia in pregnancy4 the management philosophy chosen here was essentially our normal routine for aneurysm patients.
Epsilon amino caproic acid was given only for the three days following inter-hospital transfer. Its value in the management of subarachnoid haemorrhage (from ruptured aneurysm) is under review. 5 In early pregnancy, prolonged use of epsilon amino caproic acid is questionable because of animal teratogenicity. 6 Mean arterial pressure (MAP) is generally accepted as the best index of cerebral per fusion during controlled hypotension. 7 Pulse pressures were unusually wide in our patient with MAP in the 50-60 mmHg range accompanied by systolic pressures as high as 110-120 mmHg. Thus it was decided to monitor systolic rather than MAP during the induced hypotension necessary for safe microdissection. Foetal heart rate monitoring may be of value in assessing the safe limits of controlled hypotension, I particularly later in pregnancy. It was not monitored here for technical reasons and because the foetus was not deemed viable.
Issues such as the use of controlled hypotension, diuretics and SNP in pregnancy are discussed elsewhere in this journal. 8 Where resistance to SNP was encountered, the cautious use of a beta-adrenergic blocker might have avoided the need for 2070 halothane during the second period of hypotension. At this time the pulse rate reached S5-90/min. The use of beta-adrenergic blockers in pregnancy sometimes causes problems such as foetal bradycardia and hypotension. 8 ,9 Metoprolol and labetalol appear safer than propranolol. 9 All things considered, their use can be justified here as failure to control blood pressure increases the risk of aneurysm rupture.
Though there are no previous reports of foetal compromise, vitamin B12 was given to correct any deficiency present as a consequence of smoking,IO inadequate dietary intake, pregnancy per sell and because of the proposed use of SNP which can deplete blood vitamin B12.12 Subsequent to events reported here, increasing prominence is being given to the consequences of the oxidation of vitamin B12 by nitrous oxide. 8 increased abdominal contents with reduction of the hernia elective postoperative respiratory support was undertaken using intermittent mandatory ventilation.
Immediately postoperatively the urine was clear, but later appeared bloodstained and on testing with dipstick ('Multistix', Ames Co. Ud.) contained a large amount of blood. The urine output immediately postoperatively was in excess of 1.5 mllkg/hr but soon diminished markedly to less than 0.5 mllkg/hr. Good urine flow was re-established with volume loading, mannitol and dopamine infusion of 3 fig/kg/min before marked oliguria again occurred some hours later. Throughout this period the mean arterial blood pressure was 80-100 mmHg. Over the first 24 postoperative hours the central venous pressure rose from 14 cm to 24 cm H20, when the pulmonary capillary wedge pressure was found to be 23 mmHg with a cardiac output of 9 litres/min.
Ultrafiltration for mild pulmonary oedema was performed on the second postoperative day via subclavian double lumen catheter. Serum urea and creatinine levels at that time were 20.5 mmolll and 0.51 mmol/l respectively (normal range 1.7-6.7 mmolll).
Intermittent haemodialysis was subsequently required for eleven days, during which time the creatinine level peaked at 1.02 mmolll, before renal function was adequate. Intravenous nutrition was provided during this period.
Postoperatively neither muscle pain nor swelling was present but the serum creatinine kinase on the first postoperative day was 27,700 units/l falling to 16 to be shown to the anaesthetist should further surgery be required.
Three months after anaesthesia and surgery an electromyogram showed mild peripheral neuropathy and muscle biopsy under local anaesthesia showed neurogenic disease. Muscle testing with halothane and caffeine was not performed.
Rhabdomyolysis is an uncommon but welldescribed complication of the use of suxamethonium. 11 . 17 If more than 200 g of muscle is destroyed the renal threshold for myoglobin of 15 mg/mI 2 ,3,18 is exceeded and myoglobin with other constituents of muscle cell stroma spills into the renal tubules. Hypovolaemia, acidosis and hypotension may exacerbate renal damage in rhabdomyolysis. 3 ,14,18 When urinary pH is below 5.6 myoglobin dissociates into ferrihaemate and globin. The former is probably the cause of nephrotoxicity although tubular obstruction has been suggested. 3 Most of the previously reported cases of rhabdomyolysis following suxamethonium use were in children but five of the six cases resulting in renal failure were adults. 6 . 8 ,1O Five of these six patients required either peritoneal or haemodialysis. An additional patient who underwent surgery in the knee-chest position following suxamethonium administration developed rhabdomyolytic renal failure but this was almost certainly related to posture. 19 The muscle fasciculations occurring with suxamethonium have been thought to contribute to the rhabdomyolysis in much the same way as strenuous exercise 6 and Ryan was able to show a correlation between the vigour of fasciculations and the amount of myoglobinaemia. 14 Muscle pains occur commonly with suxamethonium but are not related to creatinine kinase levels. 12 Children, who have a lower incidence of muscle pains than adults, have a higher incidence of myoglobinuria and higher creatinine kinase levels, particularly if halothane is used. 12 Ryan demonstrated a 40070 incidence of myoglobinaemia following a single dose of suxamethonium in children without known muscle disease whereas only one of thirty adults developed myoglobinaemia. 14 The same study failed to demonstrate myoglobinaemia after equal intramuscular doses of suxamethonium and this was attributed to lower peak levels of the drug. Intravenous infusion of the drug also failed to produce rises in creatinine kinase levels. 12 It has been suggested that the lower incidence of muscle damage in patients not receiving halothane may in fact be due to a protective effect of barbiturate induction but barbiturates in children do not reduce the incidence. 14 Most of the studies of suxamethonium-induced rhabdomyolysis including the cases reported by Bennike,6 Mezzan0 7 and McKishnie 9 involved the use of halothane. Pellici's patient lO received no volatile agent and there are no anaesthetic details of Durocher's case. 8 Ours is the only reported case involving enflurane and it is not possible to comment on involvement of this volatile agent in the potentiation of muscle damage.
Muscle disease including muscular dystrophy,15,21 McArdle's disease I and polymyositis 3 are important predisposing factors to rhabdomyolysis and in these patients use of suxamethonium should be avoided. Three of the six patients who developed renal failure had clues to muscle disease, namely preoperative elevation of creatinine kinase, 10 history of painful swelling of the thighs 6 and family history of Duchenne muscular dystrophy.9 Subclinical muscle disease possibly predisposing to rhabdomyolysis should be suspected in patients with squints or scoliosis. 21 The relationship of malignant hyperpyrexia to suxamethonium-induced rhabdomyolysis is unclear. It has been suggested that this condition is a 'forme fruste' of malignant hyperpyrexia, in which rhabdomyolysis also occurs. 10 ,20 There is no clinical sign pathognomonic of rhabdomyolysis at the time of injury. Lack of muscle relaxation following suxamethonium administration is usually regarded as a sign of malignant hyperpyrexia but may also precede rhabdomyolysis. 13 ,16 In our patient the diagnosis was not suspected until the third day when creatinine kinase levels, previously requested because of minor electrocardiogram changes, were noted to be elevated. In addition the creatinine to urea ratio was suggestive. Retrospective immunoassay for myoglobin was performed on serum from the previous day and showed a level greater than ten times the upper limit of normal. The combination of marked elevations in serum levels of creatinine kinase and myoglobin with myoglobinuria establish rhabdomyolysis as the cause of his acute renal failure. There was nothing to suggest muscle compression or alcohol as causes of rhabdomyolysis in this patient. He was, however, recovering from a mild viral infection which has been reported to cause rhabdomyolysis3,4 but these reports describe severe myalgia which was absent in our patient. As the episode of renal failure and rhabdomyolysis were clearly temporally related to anaesthesia and surgery we are confident that suxamethonium was the cause. Synergyof the drug with viral infection is a possibility. No history of neuromuscular disease was given preoperatively and only detailed questioning during convalescence revealed symptoms of muscular weakness over a few years.
When unexplained oliguria or acute renal failure occur postoperatively and urine dipstick testing reveals the presence of haeme pigments, consideration should be given to the diagnosis of rhabdomyolysis and its possible relation to suxamethonium. Estimation of creatinine kinase levels and an evaluation of the urine for myoglobin and pigmented granular casts should be performed. It is possible that severe pigment nephropathy may occur without visible pigmenturia, or a brief episode may be missed. 3 A high urine flow will also render urinary pigment less obvious. Thus simple inspection of the urine is inadequate to exclude myoglobinuria. 3 A variety of tests for myoglobin in serum and urine have been described but the technique of radioimmunoassay is highly sensitive, specific and relatively simple. 22 The 'Multistix' or 'Haemastix' dipstick test utilises the peroxidase-like activity of haemoglobin as a test for blood and gives false positives with myoglobin. 12 It is very sensitive to both. 3 Correction of hypovolaemia and the use of an osmotic diuretic are the most important aspects of the treatment of myoglobinuria. J ,18,23 It has been suggested that alkalinisation of the urine, by preventing the formation of nephrotoxic ferrihaemate or less soluble pigments which could obstruct renal tubules, may be helpful. 1,3,23 The value of urinary pH manipulation is however doubtful as establishment of adequate urine flow will itself result in a pH of 6 or more. 3 . IS Myoglobinuric renal failure may be non-oliguric. 6 . 24 As dialysis is usually required for only a short period 24 access via the subclavian vein is convenient if peritoneal dialysis is not suitable. Lack of muscle swelling has made fasciotomy unnecessary in suxamethonium-related muscle damage, unlike that frequently occurring with other aetiologies. 24 The prognosis of rhabdomyolytic acute renal failure is excellent.I. 23.24 The circulating creatinine in rhabdomyolysis is derived directly from release of the preformed muscle content I and by conversion from released creatinine. IR As seen in our patient the serum creatinine level rises at a rate usually in excess of 0.2 mmol/l! day, which is out of proportion to the rise in urea level.l.3.IS. 24 Potassium is also released and may be a problem. 3 Specific changes in calcium and phosphate levels have been described in rhabdomyolytic renal failure. 1.25 There is an early release of phosphate and reciprocal fall in serum calcium due to deposition in injured muscle 3 and with renal recovery hypercalcaemia associated with elevated levels of 1, 25-dihydroxy cholecalciferol may be seen. 25 The hypocalcaemia should not be treated by calcium infusions. 3 Our patient did not exhibit any marked change in serum calcium level, nor was hyperkalaemia a problem.
Suxamethonium is the only muscle relaxant with a rapid onset and a short duration of action and these properties may be required. Although prevention of suxamethoniuminduced myoglobinuria using pretreatment with d-tubocurarine has been demonstrated,26 one patient who received pretreatment developed massive myoglobinuria. 15 Because of the wellknown side-effects of suxamethonium its use without a clear indication is best avoided, especially when any form of muscle disease is present.
We are not aware of any previous reports of suxamethonium-induced rhabdomyolysis in association with neurological disease. While there is no evidence that the neuropathy was causally related to subsequent muscle damage by the drug, the association should be noted and caution employed with suxamethonium use in such patients. As clinical evidence of muscle Anaesthesia and /lIfells;ve Carc, Vol. 12, No. 4, Novcl/lber, 1984 damage is usually absent, a careful search for rhabdomyolysis IS warranted in early postoperative acute renal failure if suxamethonium has been used.
His clinical examination was normal apart from decreased air entry on the left side. His haemoglobin was 15.1 gm 070 and his WCC was 13,100 Ice with 83% neutrophils. His Pa02 was 95 mmHg and his PaC02 was 30 mmHg on room air. Electrolytes, renal function and liver function were normal.
He was treated with bed rest, 26% 02 via a venturi mask and admitted to the ICU (at 2330 hours) for observation. He continued to complain of severe left-sided chest pain and at 0100 hours on March 16 a disposable PVC epidural cannula was inserted at the T 11-12 level via a 16-gauge Tuohy needle and epidural morphine (5 mg in saline 10 m!) was injected via the catheter into the epidural space. A micropore filter was used at all times and repeat doses were given with full aseptic technique. The patient experienced marked improvement and was able to take deep breaths and cough. The epidural was inserted unsupervised by a senior resident medical officer (sixth year graduate with two years continuous emergency eASE REPORTS and leU work) who had no technical difficulties at the time. The epidural was placed with full aseptic technique (gown, mask, cap, gloves and betadine skin prep).
The patient had an uneventful day in leu and was transferred to a surgical ward on the following day. His wee remained slightly elevated at 13,300/cc with an 83070 neutrophilia and physiotherapy produced moderate amounts of non-purulent sputum. He was afebrile until 1800 hours on March 17, when his temperature rose to 37.6 QC and settled without therapy. It was not until the afternoon of March 18, 72 hours after admission, that he sustained a temperature rise to 38 QC for more than two hours (60 hours after his epidural had been inserted). He was commenced on intravenous amoxycillin after sputum cultures were taken. He subsequently made a complete clinical recovery. The epidural catheter was removed at 1030 hours on March 19, approximately 80 hours after its insertion, and the patient remained on oral amoxycillin when discharged on March 27, 1984. His clinical condition at discharge was good. The duration of his admission was twelve days.
He was admitted to another hospital eight days later with a history of paralysis of the left leg and progressive weakness of the right leg together with difficulty in passing urine and a sensory deficit at the T -7 /8 level. These symptoms had been of acute onset. A myelogram performed on the same day demonstrated an almost complete obstruction at the T -8 level and subsequent laminectomy at this level drained approximately 10 ml of pus from which Staphylococcus aureus was grown. His weakness subsequently improved, although when discharged from hospital he still had residual left-sided weakness, necessitating a walking frame, and urinary retention which was to be reviewed. This admission lasted 41 days.
The classical development phases of the syndrome as described by Heusner I were not apparent in this patient, since paralysis and sensory deficit occurred in the absence of pain.
Anaesthesia and Intensive Care, Vol. 12 Baker et al. 2 refer to chronic epidural infection occurring over weeks or months, but again they cite pain as a signi ficant symptom in their patients who numbered 0.2 to 1.2 per 10,000 hospital admissions per year, with Staphylococcus aureus causing 57 per cent of the epidural abscesses. Saady in 1976 3 reported a single case of epidural abscess and suggested that this was the first report of epidural abscess formation after continuous thoracic epidural anaesthesia. In this case pain was not a prominent presenting feature, instead neurologic deficit was the initial occurrence.
The case presented is important for two reasons:
First, the presentation was delayed: the patient presented sixteen days after removal of the epidural catheter and had spent an uneventful week at home after his discharge from hospital.
Second, the fact that we are reporting yet another occurrence of an 'extremely rare' complication may be cause for concern for those of us who have adopted continuous epidural analgesia as a method of first choice for pain relief in special circumstances.
We believe continuous epidural narcotic analgesia is a safe and reliable method of pain relief in postoperative and chest trauma cases. However, these patients must be carefully monitored for signs of sepsis or any other complication of the procedure and if there is any suspicion, then the epidural catheter should be removed. In this case there is an argument that the catheter should have been removed when the patient first showed signs of bacteraemia and as a result our 'protocol' for the ward management of these cases has been changed and emphasis placed on daily review of these patients with early removal of the epidural catheter as soon as sepsis is suspected.
